Structural rules and conformational compensations in the tRNA L-form.
The mitochondrial tRNAs (mtRNA) of five distinct, secondary structure types have been identified in the tRNA sequence compilation, and the three-dimensional modeling for representative sequences of these types has been carried out using a new criterion for the lengths of the helical domains and connector regions in a full-sized tRNA conformation. This criterion has been derived from the analysis of the known structures of cytosolic tRNAs and states that in the tRNA structure nucleotide 59 of the T-loop should stack onto Domain 1. To ensure this, Domain 1 must have 12 layers of stacked nucleotides, and in the case of a deletion of a base-pair in the T-stem, an additional 13th layer is required. Although a number of mitochondrial tRNAs harbored deficiencies in this criterion and, therefore, could not be modeled directly, this disability could be corrected and modeling accomplished by invoking structural compensations derived from one of two unusual aspects of these tRNAs. One class of these tRNAs contained an unpaired nucleotide in their anticodon stem, and their three-dimensional structure was successfully modeled when the unpaired nucleotide was intercalated into the helical domain of the stem. The second class contained more than the required number of nucleotides connecting the tRNA helical domains; the conformational flexibility of these nucleotides allowed them to take the place of the absent layers. The conformational compensation that we report rationalizes disparate features of these tRNAs and suggests that the stacking of nucleotide 59 on Domain 1 is an essential feature of the three-dimensional L-form of tRNA.